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1
SURFACE EMITTING LASERS WITH LOW
- RESISTANCE BRAGG REFLECTORS

FIELD OF THE INVENTION

The present invention related to improved Bragg
reflectors for vertical cavity surface emitting lasers.

Vertical cavity surface emitting lasers (VCSEL) have
a number of attractive properties for optoelectronic
applications, such as, requiring less processing than
typical edge emitting lasers. An example of a prior art
VCSEL 1s illustrated in FIG. 1. In the figure, upon a
n+-GaAs substrate 10, is grown a n-type cladding
layer, 12. This cladding layer 12 has twenty-two periods
of alternating layers of GaAs and AlAs. The thicknesses
of the GaAs and AlAs layers are chosen so as to form a
quarter-wavelength (A/4) reflector, as discussed in
more detail below. On the surface of layer 12 is formed
an active region 14, which includes an InGaAs active
layer 18, surrounded by a (GRINSCH) graded index
separate confinement heterostructure structure 16.
Upon 14 is formed the p-type cladding layer, 20, which,
as for the n-type cladding layer, provides a A/4 reflec-
tor. For the p-side reflector, twenty-four periods of
alternating GaAs and AlAs layers are employed, such
that the reflectivity of the p-side reflector is slightly

larger than that of the n-side reflector. On the surface of

the p-cladding layer is a p+-GaAs cap, 22, upon which
1s formed an ohmic metal, 24. A patterned ohmic metal
26 1s deposited on the substrate 10, where the patterning
1s used to allow laser output through the substrate. As
can be seen from FIG. 1, VCSEL are compact, have
very small threshold currents and low output beam
divergences, and operate stably in a single longitudinal
mode. As a result of their compact size, the total volume
of their gain media is very small. Consequently, in order
to satisfy the requirements for lasing that the total losses
equals the total gains, VCSEL require mirrors with
very high reflectances, e.g., 99.9%. In order to attain
these high reflectivities, the mirrors are typically made
of a stack of alternating, high-low index of refraction,
A/4 layers, as discussed above in reference to FIG. 1.
For example, for an InGaAs quantum-well active layer
operating at a wavelength of 0.98 um, the quarter-
operating wavelength stack can be made out of twenty-
two periods of 0.07 um of GaAs alternating with 0.083
um of AlAs, giving a calculated reflectivity of 99.95%
(see FIG. 2a). The problem with using a mirror com-
posed of AlAs is that the resulting cladding layers have
a large series resistance (Y. H. Lee, J. L. Jewell, A.
Scherer, S. L. McCall, J. P. Harbison, and L. T. Florez,
“Roomtemperature continuous-wave vertical-cavity
single- quantum-well microlaser diodes,” Electron.
Lett., vol. 25, pp. 1377-1378, 1989). This large resis-
tance is due to two factors: the large potential barrier at
the AlAs-GaAs interface and the low carrier mobility in
AlAs. The problem with the large potential barrier has
been addressed by Geels et. al. (R. S. Geels, S. W. Cor-
zine, J. W. Scott, D. B. Young, and L. A. Coldren,
“Low threshold planarized vertical-cavity surface emit-
ting lasers,” IEEE Photonics Technol. Letters, vol. 2,
pp. 234-236, 1990) who graded the AlAs-GaAs inter-
faces.

It 1s an object of this patent to correct the problem of
the relatively small carrier mobility in AlAs, which is
especially severe for the n-side mirror The electron
mobility in GaAs and AlAs at a carrier density of
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1.0X 108 cm—3 is approximately 2800 and 90 cm2/V-s,
respectively, as illustrated in FIG. 2a.

- SUMMARY OF THE INVENTION

Since electron flow through 1.83 um of AlAs (for the
twenty-two period mirror discussed above) results in
high series resistance, this invention employs a mirror
containing less AlAs, while still maintaining the same
reflectivity. Our solution is to use a Bragg reflector
instead of a A/4 reflector for the n-side mirror (see FIG.
2b). Since Bragg reflectors only require a perturbation
in the index of refraction distribution every half-
wavelength, instead of a quarter-wavelength each for
the high and low index materials, Bragg reflectors can
be composed out of less AlAs. For example, in order to
attain a reflectivity of 99.95%, equivalent to that of the
twenty-two period A/4 reflector discussed above, our
Bragg reflector requires thirty-six periods of 0.035 um
of AlAs and 0.110 um of GaAs, for a total AlAs thick-
ness of 1.26 um. In comparison with the twenty-two
period A/4 reflector discussed above, devices in accor-
dance with this invention can have approximately a
26% drop in the n-side series resistance. This drop in
resistance 1s entirely due to the higher overall mobility
of carriers in the Bragg reflector (FIG. 2b) compared to
that of the A/4 reflector (FIG. 2a).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a prior art VCSEL;

FIGS. 2a and 2b are graphical representations of the
distributed mirror reflectors of FIGS. 1 and 3 respec-
tively; and

FIG. 3 depicts a VCSEL in accordance with this
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

According to the preferred embodiment, a vertical
cavity surface emitting laser (VCSEL) is constructed
by incorporating in the laser cavity a A/2 Bragg reflec-
tor in the exit-beam cladding layer, instead of the con-
ventional usage of a A/4 reflector, thereby reducing the
total electrical resistance and heat dissipation of the
device.

FIG. 3 shows a particular embodiment of this inven-
tion of a vertical cavity surface emitting laser 28 in
which the substrate 30 is highly doped n+-GaAs In
general, the substrate does not need to be composed of
n+-GaAs. It can be composed of any highly conduc-
tive semiconductive material as long as the remaining
layers can be grown epitaxially upon it and the laser
emission passes unattenuated through this layer. The
rematning sections of the laser are comprised of a series
of individual semiconductive layers of predetermined
thicknesses and doping types, arranged epitaxially on
substrate 30, with ohmic metal contacts 32 and 34 lo-
cated at the bottom and top of the vertical cavity laser
28, respectively. The preferred embodiment is con-

‘structed so as to emit light through the substrate 30,

although other embodiments which emit radiation in
the opposite direction are possible Light emission
through the ohmic metal contact 32 is obtained by pat-
terning the metal deposition on substrate 30.

Upon substrate 30 is deposited a lower cladding layer
36, which includes thirty-six n-type alternating layers of
0.11 um of GaAs and 0.035 um of AlAs, so as to form
a multilayer reflector. These thicknesses are required
for free-space radiation of the 0.98 um light produced
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by the device described herein and, for other devices,
would be scaled in proportion to the desired wave-
length by methods well known in the art. The lower
cladding layer 36 is doped with an n-type dopant mate-
rial, such as, Si or Sn, to a concentration from 1017 to
101  atoms/cm3, with a preferred density of
1018/atoms/cm3. The preferred method of deposition is
Molecular Beam Epitaxy (MBE) or Metal Organic
Chemical Vapor Deposition (MOCVD); but, as is prac-
ticed in the art, many other methods of deposition, (e.g.,
Chemical Beam Epitaxy or Atomic Layer Epitaxy)
which accomplish epitaxial layers of controlled thick-
nesses and dopings, may be equally employed.

As is well know, the lower cladding layer 36 forms
part of the optical cavity of the laser and reflects a
portion of the light generated in the laser back into the
region of optical activity The reflectivity of these layers
in the preferred embodiment is 99.95%, as is typically
required for vertical cavity geometries. The combined
choice of the thicknesses and optical indices of these
layers is critical to this invention. |

FIG. 2b illustrates graphically the layer thicknesses
and spatial variation of the index of refraction appropri-
ate to the lower cladding layer 36 for the FIG. 3 em-
bodiment. Typical tolerances in layer thicknesses are on
the order of 10 A. The differences between the layer
thicknesses 1n the current invention and in the prior art
are seen to be much greater than the typical allowed
tolerances.

In the active region 38, light is produced as a result of 30

the recombination of electrons and holes injected from
the lower and upper cladding layers, respectively. The
central portion of this region, active layer 40, is com-
posed of Ing 15Gag.gsAs, having a typical thickness from
10 to 1000 A, preferably 100 A (in which case it is called
a quantum well active layer), whose bandgap is chosen
to be smaller than that of the materials in the cladding
layers, as is conventionally practiced. It should be noted
that the active layer need not be composed of InCaAs.
It can be formed of any semiconductive material whose
emitted radiation is transparent to the remaining layers
of the vertical cavity laser. In addition, instead of a
single quantum well, it can be composed of multiple
quantum wells. As may be appreciated by those skilled
in the art, it is important that the band gap of the active
layer be matched to the periodicity of the reflectors so
that the period of the Bragg reflector in lower cladding
layer 36 1s half the period of the radiation emitted from
active layer 40. The active layer 40 is surrounded above
and below by a confinement region 42 composed of
A10.5Gag.sAs, whose bandgap is greater than that of the
active layer, as is conventional for quantum well lasers.
Instead of a uniform region of Aj105GagsAs, confine-
ment region 42 can also be composed of a GRINSCH
structure, as is commonly practiced in the art. In the
GRINSCH structure, the Al composition of the confin-
ing layers i1s graded from approximately 209% Al, adja-
cent to the active layer, to 50% Al, adjacent to the n-
and p-type cladding layers. The preferred method of
growth of the active and confinement layers is also
M3E or MOCVD, but other methods which achieve
epitaxial materials of high crystallographic quality
would also be acceptable. The doping of the active
layer lies typically in the range from 0 to 1017 dopant
atoms/cm3, preferably on the order of 1016 atoms/cm3:
and may be of either dopant type, preferably n-type.
An upper cladding layer 44 is formed epitaxially on
the active region 38 and comprises alternate p-type
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4 .
layers of GaAs and AlAs. FIG. 2a shows the thick-
nesses and indices of refraction of these layers. These
parameters are chosen so as to accomplish a A/4 multi-
layer reflector, as is conventionally employed in surface
emitting lasers in both lower and upper cladding layers
for the purpose of distributed optical reflection. The
preferred method of epitaxial deposition and the typical
dopant concentration range for the p-type cladding
layer are similar to those given for the n-type cladding
layer in the foregoing description. As discussed by
Geels et. al. (ibid) as a means of reducing the series

resistance of the multilayer reflectors, the GaAs-AlAs
interfaces can be graded in both the upper and lower

cladding layer reflectors. As is commonly practiced, a
highly p-doped cap of GaAs 46 is deposited epitaxially
on the A/4 reflector, while a layer of Au 34 is deposited
on the cap to form an ohmic electrical contact to 1t over
the entire cross sectional area of the vertical cavity laser
28. The lateral extent of the device perpendicular to the
direction of optical emission is additionally defined by
the implantation of oxygen ions 48 in sufficient concen-
tration to disorder the active layer, as is commonly
practiced. Optical confinement may additionally be
achieved by photolithographically defining and etching
the upper cladding layer 44, as shown in FIG. 3.

As 1s well known, the conduction of current through
cladding layers of opposite conductivity types and car-
rier confinement in the active layer result in gain and
optical emission in the active region Since this gain is
not sufficiently high in practically realizable structures
to achieve lasing action for a single optical pass, the
cavity light must be reflected back into the region of
optical gain, as conventionally accomplished by A/4
reflectors imbedded in the upper and lower cladding
layers. Because the mobility of carriers in the multilayer
reflectors i1s not equal in the different layers, the electri-
cal resistance is dominated by the more resistive layer
when the layers are of comparable thicknesses (as is
conventionally practiced). In this embodiment, the mo-
bility of electrons in the reflector’s AlAs layers is low.
Because the AlAs layers are thin in the preferred em-
bodiment, the resistance of these layers is decreased and
heat dissipation during device operation is consequently
reduced, leading to longer device lifetimes and greater
longitudinal mode stability.

ADVANTAGES

Our proposed device enables operation of VCSELs
with a smaller series resistance than currently available
devices, without a drop in the mirror reflectivities. The
means of achieving this device requires no more addi-
tional processing than used in current VCSELs. The
drop 1n series resistance will lead to longer device life-
times and greater longitudinal mode stability.

The 1nvention has been described in detail with par-
ticular reference to certain preferred embodiments
thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope
of the invention.

What 1s claim is:

1. A vertical cavity surface emitting laser, compris-
ing:

(a) a semiconductor substrate of one conductivity

type;

(b) a lower cladding layer of similar conductivity

type deposited on the semiconductor substrate,
having multiple periods of semiconductor layers of



S

varying index of refraction so deposited as to form
a A/2 Bragg reflector:;
(c) a semiconductor active layer formed on the lower
“cladding layer;

- (d) an upper cladding layer of opposite conductivity
type deposited on the semiconductor active layer,
having multiple periods of semiconductor layers of
varying index of refraction so deposited as to form
a multilayer reflector;

(e) deposited on the upper cladding layer; and

(f) electrically conductive layers, deposited on the

substrate and cap layers.

2. The vertical cavity surface emitting laser of claim
1 in which the conductivity of the substrate is either n-
or p-type. |

3. The vertical cavity surface emitting laser of claim
11n which the substrate is composed of GaAs, the clad-

ding layers of AlGaAs, and the active layer of InGaAs. 20
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4. The vertical cavity surface emitting laser of claim
1 in which the active layer comprises either a single or
multiple quantum wells |

S. The vertical cavity surface emitting laser of claim
1 1n which the multilayer reflector formed in the upper
cladding layer is either a A/4 reflector or a A/2 Bragg

- reflector.
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6. The vertical cavity surface emitting laser of claim
1 1n which a GRINSCH structure surrounds the active
layer so as to maximize the optical confinement factor
and minority carrier capture.

7. The vertical cavity surface emitting laser of claim
1 in which the semiconductor interfaces of the multi-
layer reflectors are compositionally graded so as to

achieve lower resistance to current flow.

8. The vertical cavity surface emitting laser of claim
1 in which the substrate side conductive material is
patterned so as to enable light output through the bot-

tom surface of the laser.
* % % #_ %
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